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The quark model

Classical quark model

Meson BaryonColor Charge

“Exotic” hadron

Molecule Diquark-antidiquark

tetraquark pentaquark

Glueball Hybrid§ Exotic hadrons (Non-Conventional),
no definitive conclusion yet

  – currently a hot topic

§ > 60 years of classical quark model

• Experimentally tested at high energies; 
asymptotic freedom    →Nobel Prize 2004

• Success of Conventional Hadrons at low 
energies: non-perturbative quark model 
(confinement) →Nobel Prize 1969
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Heavy-Flavor Exotic Hadron States (XYZ Particles)

• Light exotics likely exist, but too messy for clear identification

X(3872) [𝐮𝐜#𝐮𝐜̅]

Belle

𝒁𝒄"(𝟑𝟗𝟎𝟎) 24 exotic hadrons at LHC

• Fully-heavy exotic hadrons, promising and accessible for theoretical exploration

• Heavy-flavor exotics: larger quark mass relative to 𝛬!"# , theoretical treatments more reliable

X(3872), kicked off a boom in (heavy-flavor) exotic hadron, dozens of XYZ found

Zc(3900), carries charge and couples to charmonium
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Status of all-charm tetraquark 

v All exp observe X(6900)
Hump @ 6.6 GeV: Different modeling

Hint @ 7.2 GeV: LHCb not consider; ATLAS 3σ hint in 𝐽/𝜓𝜓(2S) 
+ additional structures: 

v CMS first observed X(6600) & evidence of X(7100)

Phys. Rev. Lett., 131(15):151902, 2023Sci. Bull., 65(23):1983, 2020 Phys. Rev. Lett. 132:111901, 2024

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151902
https://www.sciencedirect.com/science/article/pii/S2095927320305685?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
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Status of all-charm tetraquark 

v All exp observe X(6900)

v All exp use interference, but in diff ways:

Hump @ 6.6 GeV: Different modeling

Hint @ 7.2 GeV: LHCb not consider; ATLAS 3σ hint in 𝐽/𝜓𝜓(2S) 
+ additional structures: 

v CMS first observed X(6600) & evidence of X(7100)

Phys. Rev. Lett., 131(15):151902, 2023Sci. Bull., 65(23):1983, 2020 Phys. Rev. Lett. 132:111901, 2024

LHCb: extra BW interfere with SPS, X(6900) NOT interfering

ATLAS and CMS: different multi-resonance interference

🔎A number of unresolved questions !

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151902
https://www.sciencedirect.com/science/article/pii/S2095927320305685?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
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CMS Run 2 Result

v CMS Run 2 Results

Data: Run 2 135 fb⁻¹ (2016-2018)

X(7100): 4.7σ 

Interference < 4σ

Phys. Rev. Lett. 132:111901, 2024
Noninterference result

Interference result

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
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CMS Run 2 Result
CMS Run 2 Regge plot

Run 2

𝚼 Family

Chinese Phys. Lett. 41 111201

Cornell Model: 𝑽 𝒓 = − 𝟒
𝟑
𝜶𝒔
𝒓
+ 	𝝈𝒓 + …

Ø All three resonances?

Ø Interference?

==> same 𝐽!"quantum numbers

Res. Diff Indices:
1: Y(2s)-Y(1s)
2: Y(3s)-Y(2s), X(6900)-X(6600)
3: Y(4s)-Y(3s), X(7100)-X(6900)

v CMS Run 2 Results

Data: Run 2 135 fb⁻¹ (2016-2018)

X(7100): 4.7σ 

Interference < 4σ

Phys. Rev. Lett. 132:111901, 2024
Noninterference result

Interference result

Ø > 200 MeV mass splittings 

==> Radial excitations ?

https://iopscience.iop.org/article/10.1088/0256-307X/41/11/111201
https://iopscience.iop.org/article/10.1088/0256-307X/41/11/111201
https://iopscience.iop.org/article/10.1088/0256-307X/41/11/111201
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
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CMS Run 2 Result
CMS Run 2 Regge plot

Run 2

𝚼 Family

Chinese Phys. Lett. 41 111201

Cornell Model: 𝑽 𝒓 = − 𝟒
𝟑
𝜶𝒔
𝒓
+ 	𝝈𝒓 + …

Ø All three resonances?

Ø Interference?

==> same 𝐽!"quantum numbers

Res. Diff Indices:
1: Y(2s)-Y(1s)
2: Y(3s)-Y(2s), X(6900)-X(6600)
3: Y(4s)-Y(3s), X(7100)-X(6900)

A radial family of all-charm 
tetraquark states with same J()	?

v CMS Run 2 Results

Data: Run 2 135 fb⁻¹ (2016-2018)

X(7100): 4.7σ 

Interference < 4σ

Phys. Rev. Lett. 132:111901, 2024
Noninterference result

Interference result

Ø > 200 MeV mass splittings 

==> Radial excitations ?

https://iopscience.iop.org/article/10.1088/0256-307X/41/11/111201
https://iopscience.iop.org/article/10.1088/0256-307X/41/11/111201
https://iopscience.iop.org/article/10.1088/0256-307X/41/11/111201
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901


Yilin Zhou Observation of a family of all-charm tetraquarks at CMS 9

𝐽/𝜓𝐽/𝜓 updated result with CMS Run 2 and 3 data
v Data samples [315 fb-1] 

• Run 2: 135 fb-1 data taken in 2016, 2017 and 2018.

• Run 3: 180 fb-1 data taken in 2022, 2023 and 2024.

v Triggers

HLT_Dimuon0_Jpsi3p5_Muon2 

• Level 1 requirements: 3 muons

• 2.95 < 𝑀 𝜇%𝜇& < 3.25 𝐺𝑒𝑉

• 𝑝' 𝜇 > 3.5 𝐺𝑒𝑉

HLT_DoubleMu4_3_LowMass
• Level 1 requirements: 2 muons

• 0.2 < 𝑀 𝜇%𝜇& < 8.5 𝐺𝑒𝑉

• one muon 𝑝' 𝜇 > 4 𝐺𝑒𝑉 and the other 𝑝' 𝜇 > 3 𝐺𝑒𝑉

• 𝑝' 𝜇%𝜇& > 4.9 𝐺𝑒𝑉

v Signal

X → J/ψJ/ψ → µ#µ$µ#µ$

𝜇(%

𝜇)&

𝑋
𝜇*%
𝜇+&

⁄𝐽 𝜓*

⁄𝐽 𝜓+

v Backgrounds

SPS DPS

• Non-resonant single-parton scattering(NRSPS) 
• Non-resonant double-parton scattering(NRDPS) 

• Feeddown from higher mass states
i.e. X 6900 → J/ψψ(2S) → J/ψJ/ψ + anything

• Combinatorial background

• Enhancement near threshold, BW0
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Statistics of CMS Run 2+3

q Single muon: 
• Soft muon ID 

• 𝜂 𝜇 ≤ 2.4

q Double muon: 
• 2.95 < 𝑀 𝐽/𝜓 < 3.25 𝐺𝑒𝑉
• 𝑝𝑟𝑜𝑏,-. 𝐽/𝜓 > 0.1% 𝑀 𝜇"𝜇$ constrained to 𝑀 𝐽/𝜓

• Final mass window cut for 𝐽/𝜓 candidate: 

|𝑀 𝜇%𝜇& −𝑀(𝐽/𝜓)| < 3𝜌𝜎
q Four muons: 
• 4𝜇 charge should be zero

• 𝑝𝑟𝑜𝑏,-. 4𝜇 > 0.5% 

• 𝑝𝑟𝑜𝑏,-. 𝐽/𝜓𝐽/𝜓 > 0.1%

q Multiple candidates treatment:
• Select best combination from one 4𝜇 candidate based on min.

• Keep duplicate combination if pairs have non-overlapping muons

Follow Run 2 cuts + A new trigger for Run 3

Baseline mass variable 
– invariant mass of two constrained J/y candidates 

𝜒%& =
%! '"'# $($/&

)'!

&
+

%( '"'# $($/&

)'"

&
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Statistics of CMS Run 2+3

q Single muon: 
• Soft muon ID 

• 𝜂 𝜇 ≤ 2.4

q Double muon: 
• 2.95 < 𝑀 𝐽/𝜓 < 3.25 𝐺𝑒𝑉
• 𝑝𝑟𝑜𝑏,-. 𝐽/𝜓 > 0.1% 𝑀 𝜇"𝜇$ constrained to 𝑀 𝐽/𝜓

• Final mass window cut for 𝐽/𝜓 candidate: 

|𝑀 𝜇%𝜇& −𝑀(𝐽/𝜓)| < 3𝜌𝜎
q Four muons: 
• 4𝜇 charge should be zero

• 𝑝𝑟𝑜𝑏,-. 4𝜇 > 0.5% 

• 𝑝𝑟𝑜𝑏,-. 𝐽/𝜓𝐽/𝜓 > 0.1%

q Multiple candidates treatment:
• Select best combination from one 4𝜇 candidate based on min.

• Keep duplicate combination if pairs have non-overlapping muons

Follow Run 2 cuts + A new trigger for Run 3

Baseline mass variable 
– invariant mass of two constrained J/y candidates 

𝜒%& =
%! '"'# $($/&

)'!

&
+

%( '"'# $($/&

)'"

&
 

v 𝐉/𝛙𝐉/𝛙 yield from 2D fit

Run 2 ~12622 ± 165

Run 3 ~31802 ± 476

v Run 2+3 luminosity is 2.3X of Run 2

v Run 2+3 𝐉/𝛙𝐉/𝛙 yield is 3.6X of Run 2
Thanks to dimuon trigger !

J/ψJ/ψ

arXiv:2602.02252

https://arxiv.org/abs/2602.02252
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Signal and background models
v Signal shape

v Background component

Relativistic Breit-Wigner 

NRSPS + NRDPS + Feed-down + Combinatorial + BW0

vNoninterference model
NRSPS + NRDPS + Comb + Feed-down + BW0 + BW1 + BW2 + BW3

𝑃𝑑𝑓 𝑚 =\𝑁/* ^ 𝐵𝑊 𝑚,𝑀0, Γ0 +⊗𝑅 𝑀0 + 𝑁12343 ⋅ 𝑓12343 𝑚

+𝑁12543 ⋅ 𝑓12643 𝑚 +𝑁789: ⋅ 𝑓;<9: 𝑚 +𝑁=>>?<@A ⋅ 𝑓=>>??<@A 𝑚

v Interference model:
NRSPS + NRDPS + Comb + Feeddown + BW0 + BW123 Interf. Term
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𝐽/𝜓𝐽/𝜓: Run 2+3 noninterference fit result

Run 2 Noninterf Run 2+3 Noninterf

Phys. Rev. Lett. 132:111901, 2024

arXiv:2602.02252

Dips poorly described --- Noninterference model no longer sufficient

v Noninterference model

NRSPS + NRDPS + Comb + Feed-down + BW0 + BW1 + BW2 + BW3

𝑃𝑑𝑓 𝑚 =\𝑁/* ^ 𝐵𝑊 𝑚,𝑀0, Γ0 +⊗𝑅 𝑀0 + 𝑁12343 ⋅ 𝑓12343 𝑚

+𝑁12543 ⋅ 𝑓12643 𝑚 +𝑁789: ⋅ 𝑓;<9: 𝑚 +𝑁=>>?<@A ⋅ 𝑓=>>??<@A 𝑚

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://arxiv.org/abs/2602.02252
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𝐽/𝜓𝐽/𝜓: Run 2+3 interference fit result
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First observation of X(7100) in 𝐽/𝜓𝐽/𝜓 channel

First observation of interference among X(6600), 
X(6900), and X(7100)

Precision improved by factor of 2~3

arXiv:2602.02252

Large mass splittings, > 250 MeV

https://arxiv.org/abs/2602.02252
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Interpretation and discussion

n$ = βM% +	β&§ In Regge theory :
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arXiv:2602.02252

§ Large X-mass splittings are characteristic of 
radial excitations 

𝑚+: mass square
𝑛B = 𝑛 − 1, 𝑛	is radial quantum number
2, 3, 4 refers X(6600), X(6900), X(7100)

§ Other sequential indexing, such as n = 1, 2, 
3, will produce equivalent results 

§ Consistent with Regge trajectory
==> a family of radial excitations 

Ø Can we gain further insight?

https://arxiv.org/abs/2602.02252
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Interpretation and discussion
• Basic information:

• Constrain from X decay to J/ψJ/ψ	:

C is conserved in strong decays, 

§ Under S-wave: L = 0 à P = +1,

o In spin-0 diquark model, S = 0;

J = S

0++
o In spin-1 diquark model, S = 0, 1, 2; 0++, 2++L+S should be even to make C positive;
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Interpretation and discussion
• Basic information:

• Constrain from X decay to J/ψJ/ψ	:

C is conserved in strong decays, 

§ Under S-wave: L = 0 à P = +1,

o In spin-0 diquark model, S = 0;

J = S

0++
o In spin-1 diquark model, S = 0, 1, 2; 0++, 2++L+S should be even to make C positive;

§ Under P-wave: L = 1 à P = -1
o In spin-0 diquark model, S = 0, makes C = -1, exclusive 

o In spin-1 diquark model, S = 0, 1, 2;
0-+, 1-+, 2-+L+S should be even to make C positive, S can only be 1,

§ Under D-wave: L = 2 à P = +1
o In spin-0 diquark model, S = 0, 0++, 1++, 2++
o In spin-1 diquark model, S = 0, 1, 2; L+S should be even, S can be 0 or 2 2++

0++, 1++, 2++, 3++, 4++
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Interpretation and discussion
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Interpretation and discussion

𝒏𝒓 = 𝜷𝑴𝟐 +	𝜷𝟎v In Regge theory :
𝑛B = 𝑛 − 1, radial quantum number 𝑛

Regge trajectories of X and Υ
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🔎Good agreement with spin-1 diquark
0++ or 2++ state

vX widths decrease with radial excitation, exponentially

Widths trend of X and Υ
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CMS  (13.6 TeV)1− (13 TeV) + 180 fb1−135 fb

Γ(𝑛 + 1)
Γ(𝑛)

= 0.369 ± 0.067

Γ)*(𝑛 + 1)
Γ)*(𝑛)

= 0.411 ± 0.021

In 𝚼 family, 𝑏1𝑏 quark-antiquark annihilation predominantly 

🔎 Suggest a similar decay mechanism for X states
a sort of diquark-antidiquark “annihilation” 

arXiv:2602.02252

arXiv:2602.02252

Nucl. Phys. B 966 (2021) 115393

https://arxiv.org/abs/2602.02252
https://arxiv.org/abs/2602.02252
https://arxiv.org/abs/2010.09082
https://arxiv.org/abs/2010.09082
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v Interpretation and discussion
★ Idealized models of all-charm structures theoretically

Molecular, Diquark-antidiquark, “amorphous” systems, hybrid…

 (3770)

Standard Exotic mesons: all-charm tetraquark
meson

Compact 
(amorphous)

HybridMolecule Diquark

cc

c

c

Threshold
effects

 e.g., triangle
 singularity

g

c

c

J/

 (3770)

J/

D D

cc

cc
cc

  Dcccc

c
c

❍ molecular or threshold interpretations
Governed by underlying charmonium pairs

Linear Regge and widths trends not expected

❍ “amorphous” systems
Lack of theoretical guidance

❍ hybrid models 

Theoretical prediction not consistent

Numerous pairings possible

★ Squared masses of triplet align Regge trajectory 
==> Radial excitations

★ Regge match predictions for spin-1 
(anti)diquarks with JPC of 0++ or 2++
0++ is less prominent in production than 2++

★ Widths decrease similar to 𝚼 𝑏𝑏 ̅ annihilation 
“diquark-onium”

★ CMS angular analysis favors JPC = 2++

★ No orbital angular momentum (𝐿 %% [ ̅% ̅%] = 0)
high orbital less likely, difficult to produce

arXiv:2006.14388
arXiv:2009.08376

✓ Diquark-antidiquark model

https://arxiv.org/abs/2006.14388
https://arxiv.org/abs/2009.08376
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v Interpretation and discussion
★ Idealized models of all-charm structures theoretically

Molecular, Diquark-antidiquark, “amorphous” systems, hybrid…

 (3770)

Standard Exotic mesons: all-charm tetraquark
meson

Compact 
(amorphous)

HybridMolecule Diquark

cc

c

c

Threshold
effects

 e.g., triangle
 singularity

g

c

c

J/

 (3770)

J/

D D

cc

cc
cc

  Dcccc

c
c

❍ molecular or threshold interpretations
Governed by underlying charmonium pairs

Linear Regge and widths trends not expected

❍ “amorphous” systems
Lack of theoretical guidance

❍ hybrid models 

Theoretical prediction not consistent

Numerous pairings possible

★ Squared masses of triplet align Regge trajectory 
==> Radial excitations

★ Regge match predictions for spin-1 
(anti)diquarks with JPC of 0++ or 2++
0++ is less prominent in production than 2++

★ Widths decrease similar to 𝚼 𝑏𝑏 ̅ annihilation 
“diquark-onium”

★ CMS angular analysis favors JPC = 2++

★ No orbital angular momentum (𝐿 %% [ ̅% ̅%] = 0)
high orbital less likely, difficult to produce

arXiv:2006.14388
arXiv:2009.08376

✓ Diquark-antidiquark model

A system of aligned spin-1 diquarks 
forms a triplet of radially excited 𝐧𝟓𝐒𝟐
states of 𝚻𝐜𝐜𝐜̅𝐜̅

https://arxiv.org/abs/2006.14388
https://arxiv.org/abs/2009.08376
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Summary and Outlook

We are painting a coherent picture of Fully-heavy exotic hadrons

THANKS! 

§ Three structures X(6600), X(6900), X(7100) established with significances > 5σ

§ Quantum interference among structures validated with significances > 5σ 

§ First preliminary picture of the internal structure of this family.

vA radial family of all-charm tetraquarks with same 𝐉𝐏𝐂 = 𝟐%%

Thanks to trigger strategy deployed during Run 3, a lot more 
exciting results are on their way! 
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Backup

Backup
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D Wave
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The CMS Detector

Flexible trigger system for different analyses

v Excellent detector for quarkonium studies with muons 

Muon system
High-purity muon ID, ∆m/m~0.6% for J/ψ 

Silicon Tracking detector
∆ pT/pT~1% & excellent vertex resolution 

B=3.8T

Overview of CMS Trigger System 

v Majority of analyses rely on dimuon triggers

§ Uses less computational resources, enabling 
higher rates and lower kinematic thresholds 

§ Save RAW event, contains complete detector
information, no reconstruction 
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Double muon parking

Phys. Rept. 1115 (2025) 678

vParking streams are a game-changing effort for CMS flavour physics

di-μ mass lower threshold at 2xmμ

vExpanded physics potential thanks to inclusive dimuon parking dataset

§ Broad low-mass μμ reach with minimal kinematic & topology requirements

§ Rate controlled via delayed reconstruction and kinematic thresholds dynamic release only at L1T

overcome limitations requiring additional tracks, mass range and vertexing

CMS have opened new opportunities in flavour physics!

https://doi.org/10.1016/j.physrep.2024.09.006
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Diquark view

v In the diquark–an/diquark picture, diquark is a bound system of fermions, Pauli principle requiring the overall diquark 
wave func/on to be an/symmetric

• The parity of the spatial part of the wave function is determined by the angular momentum L

Most of the theore/cal paper consider only the ground state diquarks.
Because excita/ons within the diquark or an/diquark increase the diquark mass and size, providing a larger overlap 
between the diquark and an/diquark which enhances the rapid fall-apart strong decay processes. 
And this may result these states have less chances to be observed as resonances. 

o Fall-apart strong decay: the quarks and an/quarks from the ini/al tetraquark rearrange into two mesons 

If energe/cally possible and isn’t forbidden by the quantum numbers, this is the main decay channel. 
As the state can decay very rapidly, it could be observed as a broad resonance in this channel. 

The parity of the spa<al part is symmetric
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Diquark view

v In the diquark–an/diquark picture, diquark is a bound system of fermions, Pauli principle requiring the overall diquark 
wave func/on to be an/symmetric

• The color part of the wave func/on depends on the choice of the color representa/on of the diquark. 
Two quarks are two color triplets, in combina/on they give two irreducible representa/ons,
either a color symmetric sextet or an an/symmetric an/triplet

In color-sextet representa/on the internal interac/on between the quarks within the diquark is repulsive, which means that
it cannot be a bound state. 
For a color-an/triplet diquark, the interac/on between the quarks is aJrac/ve, thus, choose the color-an/triplet for the 
further considera/ons. 

The parity of the color part is an<symmetric

Note: quark–antiquark cross diquark–antidiquark interactions could stabilize sextet–antisextet diquarks.
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Diquark view

v In the diquark–an/diquark picture, diquark is a bound system of fermions, Pauli principle requiring the overall diquark 
wave func/on to be an/symmetric

• The combina/on of the flavor and spin parts of the diquark wave func/on should be symmetric

an#symmetric

symmetric

It can only be axialvector with the symmetric spin part 

In all-charm tetraquark system, same flavor with the symmetric flavor part

That’s the reason why most of theory paper usually focus more on spin-1 diquark model.
However, if the color part chosen the color symmetric sextet, spin-0 diquark can also appear.
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Diquark view

• Basic information:

• Constrain from X decay to JpsiJpsi:

C is conserved in strong decays, 

§ Under S-wave: L = 0 à P = +1,

o In spin-0 diquark model, S = 0,

J = S

X’s JPC can only be 0++

o In spin-1 diquark model, S = 0, 1, 2; X’s JPC can be 0++, 2++.

§ Under P-wave: L = 1 à P = -1
o In spin-0 diquark model, S = 0, makes C = -1, exclusive 

o In spin-1 diquark model, S = 0, 1, 2;

X’s JPC can be 0-+, 1-+, 2-+L+S should be even to make C posi/ve, S can only be 1,

§ Under D-wave: L = 2 à P = +1
o In spin-0 diquark model, S = 0, X’s JPC can be 0++, 1++, 2++
o In spin-1 diquark model, S = 0, 1, 2; L+S should be even, S can be 0 or 2

If S = 0, X’s JPC can only be 2++

If S = 2, X’s JPC can be 0++, 1++, 2++, 3++, 4++

L+S should be even to make C positive, S can not be 1,
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Comparison with other Regge predictions 

1 2 3 4
Radial index

35

40

45

50

55

60

]2
M

as
s 

sq
ua

re
d 

[G
eV

 thresholdψ J/ψJ/

CMS Interference Measurement
Indian J. Phys. 97, 943 (2023)
Nucl. Phys. B 966, 115393 (2021)
Phys. Rev. D 102, 114001 (2020)
Eur. Phys. J. C 80, 1004 (2020)
Phys. Rev. D 103, 116027 (2021)

++2
spin-1 diquarks

2=
]cc[cc][

, S0=]cc[cc][L

CMS  (13.6 TeV)1− 180 fb+ (13 TeV) 1−135 fb

1 2 3 4
Radial index

35

40

45

50

55

60

]2
M

as
s 

sq
ua

re
d 

[G
eV

 thresholdψ J/ψJ/

CMS Interference Measurement
Indian J. Phys. 97, 943 (2023)
Nucl. Phys. B 966, 115393 (2021)
Eur. Phys. J. C 80, 1004 (2020)
Phys. Rev. D 103, 116027 (2021)

++0
spin-1 diquarks

0,2=
]cc[cc][

, S0=]cc[cc][L

CMS  (13.6 TeV)1− 180 fb+ (13 TeV) 1−135 fb

1 2 3 4
Radial index

35

40

45

50

55

60

]2
M

as
s 

sq
ua

re
d 

[G
eV

 thresholdψ J/ψJ/

CMS Interference Measurement
Nucl. Phys. B 966, 115393 (2021)
Phys. Rev. D 103, 116027 (2021)

++0
spin-0 diquarks

0=
]cc[cc][

, S0=]cc[cc][L

CMS  (13.6 TeV)1− 180 fb+ (13 TeV) 1−135 fb

1 2 3 4
Radial index

35

40

45

50

55

60

]2
M

as
s 

sq
ua

re
d 

[G
eV

 thresholdψ J/ψJ/

CMS Interference Measurement
Eur. Phys. J. C 80, 1004 (2020)

++(0,1,2)
spin-0,1 diquarks

0,2=
]cc[cc][

, S2=]cc[cc][L

CMS  (13.6 TeV)1− 180 fb+ (13 TeV) 1−135 fb

1 2 3 4
Radial index

35

40

45

50

55

60

]2
M

as
s 

sq
ua

re
d 

[G
eV

 thresholdψ J/ψJ/

CMS Interference Measurement

Chin. Phys. C 43, 013105 (2019)

Eur. Phys. J. C 83, 416 (2023)

+−2
spin-1 diquarks

1=
]cc[cc][

, S1=]cc[cc][L

CMS  (13.6 TeV)1− 180 fb+ (13 TeV) 1−135 fb

1 2 3 4
Radial index

35

40

45

50

55

60

]2
M

as
s 

sq
ua

re
d 

[G
eV

 thresholdψ J/ψJ/

CMS Interference Measurement
Chin. Phys. C 43, 013105 (2019)
Eur. Phys. J. C 83, 416 (2023)

+−1
spin-1 diquarks

1=
]cc[cc][

, S1=]cc[cc][L

CMS  (13.6 TeV)1− 180 fb+ (13 TeV) 1−135 fb

1 2 3 4
Radial index

35

40

45

50

55

60

]2
M

as
s 

sq
ua

re
d 

[G
eV

 thresholdψ J/ψJ/

CMS Interference Measurement
Eur. Phys. J. C 80, 1004 (2020)
Chin. Phys. C 43, 013105 (2019)
Eur. Phys. J. C 83, 416 (2023)

+−0
spin-1 diquarks

1=
]cc[cc][

, S1=]cc[cc][L

CMS  (13.6 TeV)1− 180 fb+ (13 TeV) 1−135 fb


